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BCF bioconcentration factor

BEHP bis(2-ethylhexyl)phthalate

BSAF biota-sediment accumulation factor
bw body weight

COPC chemical of potential concern

CSL cleanup screening level of SMS
CSO combined sewer overflow

DDTs DDT and its metabolites
DMMP Dredged Material Management Program

dw dry weight

EEC estimated exposure concentration
EED estimated environmental dose

EPA U.S. Environmental Protection Agency
ERA ecological risk assessment

ESA Endangered Species Act

FAC fluorescent aromatic compound

FMR free-living metabolic rate

GIS geographic information system

HPAH high-molecular-weight polycyclic aromatic hydrocarbon
HQ hazard quotient

IP intraperitoneal

LDW Lower Duwamish Waterway

LDWSI LDW Site Inspection
LOAEL lowest-observed-apparent-effects level

LOEC lowest-observed-effects concentration l
LPAH low-molecular-weight polycyclic aromatic hydrocarbon
MHHW mean higher high water
ML maximum level in DMMP l
MLLW mean lower low water '
NOAEL  no-observed-apparent-effects level
NOEC no-observed-effects concentration
oC organic carbon
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Acronym definition

PAH polycyclic aromatic hydrocarbon

PCB polychlorinated biphenyl

PCDD polychlorinated dibenzodioxin

PCDF polychlorinated dibenzofuran

PPF predator-prey factor

PSDDA  Puget Sound Dredged Disposal Analysis
QSAR quantitative structure-activity relationship

RI Remedial Investigation

RIFS Remedial Investigation/Feasibility Study
RK river kilometer

RM river mile

ROC receptor of concern

SL screening level in DMMP

SMS Washington State Sediment Management Standards
sSoOw statement of work

SQsS sediment quality standards of SMS

SUF site usage factor

SvVOC semivolatile organic compound

SWA spatially weighted average

T&E threatened or endangered

TBT tributyltin

TBTO tributyltin oxide
TCDD tetrachlorodibenzo-p-dioxin

TOC total organic carbon

TRV toxicity reference value
UCL upper confidence limit
vVOC volatile organic compound

WDFW  Washington Department of Fish and Wildlife

WQA (King County) Combined Sewer Overflow Water Quality Assessment

ww wet weight
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Executive Summary

This appendix contains the Phase 1 ecological risk assessment (ERA) for the Lower
Duwamish Waterway (LDW). Using existing data, the Phase 1 ERA evaluated risks
from sediment-associated chemicals to benthic invertebrates, fish, and wildlife species
that may use the LDW for habitat and food for at least a portion of their life span.
Although there is relatively little suitable habitat presently available for rooted aquatic
plants within the LDW, risks to this group were also evaluated. Ecological risks in the
LDW are being assessed through a two-phase process. The Phase 1 ERA, presented in
this appendix, provides:

¢ Preliminary risk estimates based on available data for ecological receptors of
concern (ROCs) from chemicals of potential concern (COPCs)

¢ A forum for communication and input from stakeholders regarding key risk
issues and approaches

+ Alist of uncertainties, including their potential impact on risk conclusions, to
form the basis for the identification of data gaps? that may need to be filled
prior to completion of the Phase 2 ERA

¢ Risk-based analyses to aid in the identification of high priority sites for the
candidate early action site process (Windward 2002)

¢ As part of the Phase 2 (baseline) ERA, which will be initiated in 2003, additional
field data will be collected to fill critical data gaps identified in Phase 1. These
data will be combined with existing field and analytical data to reevaluate risk
conclusions made in this Phase 1 ERA,3 to assess risks to ecological receptors in
the absence of any early actions, and to estimate risks at the site following
completion of early remedial actions (i.e., residual risk). The Phase 2 ERA will
be used to support remedial decision-making at the site, and will be contained
in its entirety in the Phase 2 RI.

¢ This executive summary contains a brief summary of each of the major
components of the ERA including the problem formulation, the exposure
assessment, the effects assessment, and the risk characterization and
uncertainty assessment.

2In the data gaps memorandum (Final Draft to to be submitted in 2003) uncertainties identified in the
Phase 1 ERA, human health risk assessment (HHRA), and RI are being evaluated to determine what
additional analyses (primarily fieldwork) should be conducted prior to the Phase 2 ERA.

3 Phase 1 risk conclusions include the COPC screen in the problem formulation and the hazard
quotients (HQs) calculated in the Phase 1 risk characterization. The reevaluation of these risk
conclusions in the Phase 2 ERA is necessary because of the limited tissue dataset available in the Phase
1 ERA, and thus the preliminary nature of many of the results.
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ES.1 PROBLEM FORMULATION

The problem formulation of the ERA establishes the overall scope of the assessment.
Because it is impractical to evaluate every potentially-exposed species, it is standard
ERA practice to focus on representative receptor species that typify groups of
organisms with specific exposure pathways. One objective of selecting representative
receptors is to choose species for which the risk conclusions will be protective of other
species that are not explicitly evaluated. For example, an assessment of great blue
heron risk would be assumed to be protective of all wading birds that eat fish.
Decisions on species inclusion and assumptions on exposure parameters are
deliberately biased in an environmentally conservative manner to ensure a protective
assessment. In addition, risks to some species are analyzed because those species are
highly valued by society, such as endangered or threatened species.

Representative ROCs selected for this Phase 1 ERA were benthic invertebrates, crabs,
English sole, great blue heron, spotted sandpiper, bald eagle, river otter, harbor seal,
and aquatic rooted plants. In addition, juvenile chinook salmon and bull trout were
selected as ROCs because they are federally protected species with complete exposure
pathways in the LDW.

For each representative species selected, COPCs were identified. An initial screening
conducted in the problem formulation, using highly conservative assumptions,
identified 59 chemicals (including tributyltin [TBT], metals, polychlorinated biphenyls
[PCBs] and other organic compounds) as COPCs for benthic invertebrates and crabs,
7 chemicals (PCBs, polycyclic aromatic hydrocarbons [PAHs], TBT, DDT, arsenic,
copper, and mercury) as COPCs for at least one fish species, and 7 chemicals (PCBs,
bis[2-ethylhexyl]phthalate, arsenic, copper, lead, mercury, and zinc) as COPCs for at
least one wildlife species.

In addition, conceptual site models were developed to identify complete exposure
pathways for COPCs from sources to representative species, and assessment and
measurement endpoints were identified in the problem formulation. The
representative species, COPCs, pathways, and endpoints formed the scope for the
remainder of the Phase 1 ERA. Uncertainties associated with these analyses were
acknowledged, and reserved for further discussion in the uncertainty assessment.

ES.2 EXPOSURE ASSESSMENT

To refine the initial risk-based screening conducted in the problem formulation, more
detailed analyses were conducted in the exposure assessment to conservatively
estimate the potential exposure of each ROC to the sediment-associated COPCs
identified in the problem formulation. Exposure of benthic invertebrates to COPCs
was primarily assessed by evaluating the distribution, concentration, and co-
occurrence of COPCs in surface sediment, with the exception of risk to crab and risk
from sediment-associated TBT, which were both assessed using a tissue residue
approach. Exposure of fish or wildlife to COPCs was either characterized from tissue
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body burden data or from estimated dietary exposure doses. Dietary ingestion was
estimated through consideration of available information on ROC life histories,
including body weight, feeding behavior, diet, and relationship to the aquatic food
web. Surface sediment data in intertidal and marsh areas were used to estimate
exposure of aquatic rooted plants to COPCs.

ES.3 EFFECTS ASSESSMENT

Potential adverse effects of exposure (i.e., mortality, reduced growth, or impaired
reproduction) were assessed in the effects assessment. Sediment quality standards and
guidelines were used to predict potential effects in benthic invertebrates. For crabs,
fish, wildlife, and plants, a detailed evaluation of studies in the scientific literature
documenting effects of COPCs on the ROCs or similar species was conducted. This
literature review identified COPC concentrations (or doses where appropriate)
associated with no effects (i.e., safe concentrations or doses), in addition to
concentrations (or doses) documented to cause adverse effects. Both sets (i.e., lowest
observed effect concentration [LOEC] and no observed effect concentration [NOEC])
of toxicity reference values (TRVs) were summarized in tables and the rationale for
TRV selection provided. Available site-specific effects data (e.g., sediment toxicity
tests) were also discussed, although chemical-specific TRVs could not be derived from
these data, due in part to their limited availability.

ES.4 RISk CHARACTERIZATION AND UNCERTAINTY ASSESSMENT

The exposure and effects data were compared in the risk characterization to assess the
potential for sediment-associated COPCs to cause adverse effects to ROCs. All
assessments of exposure and risk were intentionally conservatively biased to minimize
the possibility of a false negative finding (i.e., predicting an absence of toxicity when,
in fact, there would be a toxic effect). However, the exposure assessments used more
realistic assumptions (e.g., exposure estimated using spatially weighted average
concentrations vs. maximum concentrations for receptors with large home ranges)
than were used in the problem formulation. Based on available data, this analysis
identified the following Phase 1 conclusions:

+ Benthic invertebrates—Sixty COPCs (including TBT) were identified for
benthic invertebrates based on a comparison of sediment data to sediment
quality guidelines and standards. Risk to crab from COPCs, with the possible
exception of arsenic, appears to be low based on existing data.

+ Fish—Exposure concentrations for three of the seven COPCs (arsenic, copper,
and PCBs) were greater than concentrations associated with adverse effects for
one or more fish ROCs. Three COPCs (PAHs, mercury, and TBT) had exposure
estimates exceeding a no-effects level, but lower than adverse effect levels
associated with survival, growth, or reproduction. None of the DDT exposure
estimates exceeded either effects or no-effects levels for any of the fish ROCs.
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Lower Duwamlsh Waterway Group FINAL LOW R Appeﬂg{;‘ 3, 50%2

Port of Seattle | City of Seattie | King County | The Boelng Company Page ES-3



+ Wildlife—None of the COPCs had dietary exposure estimates greater than
doses associated with adverse effects to survival, growth or reproduction for
any of the wildlife ROCs. In contrast, preliminary risk estimates of PCBs to
great blue herons using egg data indicated that exposure may be occurring at
levels associated with adverse effects. Four of the seven COPCs (lead, mercury,
arsenic, and PCBs) had exposure estimates greater than no-effects levels for one
or more of the wildlife ROCs.

+ Rooted Aquatic Plants—Of the four COPCs evaluated for plants (lead,
mercury, PCBs, and zinc), marsh sediment concentrations were less than soil
PCB concentrations associated with no effects, but were within the low end of
the concentration range associated with effects for lead and zinc.# Due to the
uncertainty associated with the effects data, risk estimates for plants are highly
uncertain, but in general are much lower that that predicted based on
background concentrations in marsh areas.

Regional and natural background issues regarding arsenic for fish and wildlife will be
discussed in the Phase 2 risk characterization, per EPA (2002) guidance. Based on
results of the Phase 1 RI and RAs and discussions with the agencies and stakeholders,
a data gaps memorandum (final draft to be submitted in 2003) is being produced as
part of the overall Phase 1 RI process. This memorandum assesses the feasibility of
gathering additional site-specific data, and how valuable that information would be in
reducing uncertainty in risk estimates. Additional data collected to fill gaps identified
in the data gaps memorandum will be fully evaluated in the Phase 2 ERA. In the
Phase 2 ERA, risks associated with exposure of ecological receptors to COPCs® within
- the LDW will be quantitatively characterized in a manner designed to support sound
risk management decisions.

4 Effects data were not available for mercury.
5 Phase 2 COPCs will be determined as part of the Phase 2 ERA problem formulation.
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A.1 Introduction

This document presents the Phase 1 scoping-phase ecological risk assessment (ERA)®
for the Lower Duwamish Waterway (LDW) in Seattle, Washington. It has been
developed in accordance with both national and regional US Environmental
Protection Agency (EPA) guidance (EPA 1992; 1997a,b; 1998a).

ERA is an integral part of the Remedial Investigation/Feasibility Study (RI/FS)
process to support management decisions. An ERA evaluates the likelihood that

adverse biological effects are occurring or may occur as a result of exposure to one or
more stressors (EPA 1992).

In the LDW, risks to ecological receptors from contaminated sediments are being
addressed in a tiered process consisting of the following assessments. First, the Phase 1
ERA (this document) was conducted using existing data to provide:

¢ Preliminary risk estimates based on available data for ecological receptors of
concern (ROCs) from chemicals of potential concern (COPC)

¢ A forum for communication and input from stakeholders regarding key issues
and approaches

¢ A list of uncertainties including their potential impact on risk conclusions to
form the basis for the identification of data gaps” that may need to be filled
prior to completion of the Phase 2 ERA

# Risk-based analyses to aid in the identification of high priority sites for the
candidate early action site process (Windward 2003).

¢ Second, a Phase 2 ERA will be conducted. As part of the Phase 2 (baseline)
ERA, which will be initiated in 2003, additional data will be collected to fill
critical data gaps identified in Phase 1. These data will be combined with
existing field and analytical data to reevaluate risk conclusions made in this
Phase 1 ERA,2 to assess risks to ecological receptors in the absence of any early
actions, and to estimate risks at the site following completion of early remedial
actions (i.e., residual risk). The Phase 2 ERA will be used to support remedial

decision-making at the site, and will be contained in its entirety in the Phase 2
RIL

¢ Hereafter referred to as the Phase 1 ERA.

7 In the data gaps memorandum, to be submitted in in final form in 2003, uncertainties identified in the
Phase 1 RA, human health risk assessment (HHRA), and Rl are being evaluated to determine what
additional analyses (primarily field work) should be conducted prior to the Phase 2 ERA..

8 Phase 1 risk conclusions include the COPC screen in the problem formulation (Section 2) and the
hazard quotients (HQs) calculated in the Phase 1 risk characterization (Section 7). The reevaluation of

these risk conclusions is necessary because of the limited tissue dataset available in the Phase 1 ERA,
and thus the preliminary nature of many of the results.
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+ This appendix contains the Phase 1 ERA and is arranged in the following
sections:

A.2 - Problem formulation

A.3 - Exposure and effects assessment of benthic invertebrates
A4 - Exposure and effects assessment of fish

A5 - Exposure and effects assessment of wildlife

A.6 - Exposure and effects assessment of plants

A.7 - Risk characterization and Uncertainty Assessment

* ¢ 6 O ¢ o o

A.8 - Conclusions
& A9 - References
This appendix also includes the following attachments:
+ Attachment A.1 - 11x17 GIS map folio referenced in this document

+ Attachment A.2 - Summary of King County Water Quality Assessment of Risks
to Fish and Invertebrates in the Water Column

+ Attachment A.3 - Tables and figures from the King County Combined Sewer
Overflow Water Quality Assessment (WQA) Wildlife Risk Assessment (King
County 1999¢)

A.2 Problem Formulation

This section presents the problem formulation for the Phase 1 ERA. Through the use of
a conservative screening approach, the problem formulation establishes which
ROC/COCP pairs are further evaluated in the exposure and effects assessment, the
risk characterization, and the uncertainty assessment in the Phase 1 ERA. This section
includes information regarding the environmental setting, ecological resources that
use the site, selection of ROCs, a summary of relevant available data collected from the
LDW, a COPC screen for ROCs, and the conceptual site model for the LDW. Together,
these elements establish the scope for this Phase 1 ERA.

A.2.1 ENVIRONMENTAL SETTING

This section presents general information about the LDW environment, history, and
habitat. It provides a context for evaluating site usage (exposure) by ecological
receptors and provides a background for considering non-chemical stressors.
Although non-chemical stressors, such as habitat loss, can impact ecological species,
this ERA is focused on sediment-associated chemical stressors in order to evaluate the
likelihood of adverse ecological effects from past or ongoing releases of chemicals.
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A211 Site description and history

The Duwamish River originates at the confluence of the Black and Green Rivers near
Tukwila, and subsequently flows northwesterly approximately 19 km (12 mi) into
Elliott Bay in the southern Seattle waterfront. Prior to the 19 century, the Duwamish
River meandered widely through a valley consisting of floodplains, freshwater
wetland, and tidal marshes before emptying into Elliott Bay. Flooding was a common
natural occurrence in the river valley. The Duwamish River was fed by the Green,
Black, and White rivers, with a combined drainage area of approximately 4,250 km?
(1640 mi?) (Blomberg et al. 1988).

Today, the Green River is the main source of water into the Duwamish. The White
River was diverted to the Puyallup River in 1906 to control flooding (Patmont 1983). In
1916, the Black River, which drained from Lake Washington and was fed by the Cedar
River, was reduced to a minor stream when the level of Lake Washington was lowered
by the construction of the Ship Canal, and the Cedar River was diverted to Lake
Washington (Patmont 1983). These changes reduced the Duwamish drainage area to
1,250 km? (Warner and Fritz 1995). Over the past century, development and flow
diversion have reduced the original drainage area of the Duwamish River by about
70%.

The LDW has been straightened and dredged in many areas by the US Army Corps of
Engineers (ACOE) to facilitate navigation and industrial development. Dredging in
1903-1905 created the East and West Waterways, and dredged material from the river
was used to create Harbor Island (Weston 1993). From just upstream of Turning

Basin 3 to Harbor Island, the river has been dredged and channelized, and is referred
to as the LDW (Figure A-2-1). From end to end, the LDW is about 8 km (5 mi) in
length.

The highly developed shoreline is primarily composed of piers, riprap, constructed
seawalls, and bulkheads for industrial and commercial use. The depth of the river
varies from approximately 17 m (56 ft) at mean lower low water (MLLW) near the
mouth to 3 m (10 ft) at MLLW (Weston 1993) near Turning Basin 3. The average width
of the LDW is 134 m. The remnants of natural meanders west of Kellogg Island and
along the waterway (now used as slips) are the only evidence of the river’s original
winding course. The former river channel and surrounding floodplains were filled and
graded to form the present-day topography.
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Figure A-2-1. The Lower Duwamish Waterway (LDW)
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A.21.2 Habitat features

Sections of natural shoreline occur in the LDW only above Turning Basin 3 (Tanner
1991). Most (98%) of approximately 510 hectares (ha) (1,270 acres [ac]) of tidal marsh
and 590 ha (1,450 ac) of flats and shallows, and all of about 500 ha (1,230 ac) of tidal
wetland, have been either filled or dredged (Blomberg et al. 1988), or altered by the
hydrologic changes discussed in A.2.1.3. Remnant tidal marshes account for only 2 ha
(5 ac), and mudflats for 22 ha (54 ac) (Leon 1980). Kellogg Island, located south of
Harbor Island, is surrounded by the largest remnant of intertidal habitat remaining in
the LDW and is presently designated as a wildlife refuge. However, Kellogg Island
has been highly altered from its historic shape and function. It was filled with dredge
spoils by ACOE in the 1950s and 1960s. Present habitat associated with the island
includes high and low marsh, intertidal flats, and filled uplands (Canning et al. 1979).
In 1974, when the Port of Seattle deposited 1,700 m3 (2,200 yd3) of dredge materials on
the island (Sato 1997), an upland component of Kellogg Island was created. A mixture
of introduced and native plant and tree species rapidly colonized the 7-ha island.

Remnants of natural intertidal habitat occur on the northern portion of Kellogg Island
and in occasional patches throughout the LDW (Figure A-2-1). The majority of the
LDW shoreline is composed of riprap, pier aprons, or sheet piling (Tanner 1991).
Shoreline armoring is usually present at the top of the intertidal zone, but areas of
sloping mud and sandflats can exist below (Battelle et al. 2001). However, due to the
shoreline armoring, these intertidal flats are partially isolated from inputs of sediment,
nutrients, and organic matter (i.e., woody debris) from upland riparian vegetation
zones; this isolation degrades the habitat quality of these flats (Battelle et al. 2001). In
addition, overwater structures, which are common throughout the LDW, shade
shallow and intertidal habitats, alter microclimates, and inhibit growth of plant

communities, thus further degrading nearshore habitats for native fauna (Battelle et al.
2001).

‘Small intertidal areas of marsh and unvegetated marsh habitat in the LDW have

become the focus of habitat restoration activities (www.darcnw.noaa.gov/eb.htm).
The objectives of these projects include the removal of rock riprap and over-water
wharf structures, restoration of natural tidal flow, and natural colonization by native
wetland plants (Cordell et al. 1996).

A.21.3 Hydrologic data

The Green River, which is the main water source for the LDW, originates at the crest of
the Cascade Mountains near Stampede Pass and flows through Howard Hanson Dam
at 105 km (River Mile [RM] 65) and Tacoma Headworks Dam at 98 km (RM 61)
(Culhane et al. 1995). Major tributaries to the Green River include Sunday Creek, Smay
Creek, and the North Fork upstream of Howard Hanson Dam, and Newaukum Creek,
Soos Creek, and Mill Creek downstream of Howard Hanson Dam. In addition to the
Green River, the Black River continuously discharges fresh water to the LDW. These
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flows are normally low (approx. 2.6 m3/s [92 cfs]), but substantially increase from
runoff during storms.

In the mid-1800s, discharge from the Duwamish ranged from an estimated 70 to

250 m3/s (2,500 to 9,000 cfs) (Blomberg et al. 1988). The lower 10 km (6.2 mi) of the
river was contained within a tidal marsh that opened into a broad expanse of intertidal
flats. The Howard Hanson Dam was installed in the upper part of the Green River
primarily for flood control and low-flow augmentation to preserve fish life when river
flows were naturally low (Sato 1997).

Recent average discharge from the river was 43 to 51 m3/s (2,300 to 2,350 cfs),
measured at the USGS Tukwila gaging station, with flow rates varying from 4.3 to
329 m3/s (200 to 15,200 cfs) (NOAA 1998). Most (80%) of the water flows out of the
West Waterway due to the presence of a sill at the southern end of the East Waterway
(Weston 1999). Flow rates are greatest in the winter due to seasonal precipitation and
lowest throughout the late summer dry season. Streamflow can be increased by
surface water sources such as storm drains, combined sewer overflows (CSOs),
industrial effluents, and nonpoint inputs, although these sources of flow are expected
to be less than 1% of total discharge.®

Flow has decreased 78 % from historical levels, due mostly to the diversion of the
White River to the Puyallup and the creation of the Ballard Locks and Cut. These
changes lowered Lake Washington and caused increased drainage through the locks
rather than through the Black River. Collectively, these irreversible changes have
resulted in the present LDW hydrology and landscape.

Streamflow to the LDW is also influenced by water diversions, particularly by the City
of Tacoma’s Headworks Dam, which diverts at least 3.2 m3/s (110 cfs) daily for
municipal use. Discharge of effluent from the Renton Sewage Treatment Plant to the
Duwamish River was eliminated in 1986, decreasing summer flows by as much as 25%
(~1.6 m3/s) (Harper Owes 1981; Bernhardt and Yake 1981).

A.2.1.4 Estuarine features

The LDW flows into Elliott Bay along the eastern shore of central Puget Sound. The
LDW is a well-stratified salt-wedge type estuary that is influenced by river flow and
tidal effects. Typical of salt-wedge estuaries, the Duwamish has a sharp interface
between the freshwater outflow at the surface and saltwater inflow at depth. The
25-ppt layer of salt water near the river mouth occupies most of the water depth, but
tapers towards the upriver portion of the estuary. The location where saltwater
intrusion tapers to zero is called the toe of the salt wedge. In the LDW, the toe is
located approximately 12 km (7.5 mi) upstream of the river mouth in the vicinity of
Turning Basin 3. During summer low-flow conditions, the time of maximum salt

9 Storm drain discharges to the LDW were estimated at 1,868 million gallons/year (MGY) (0.2 m3/s) by
Tetra Tech (1988) and CSO discharges are estimated at 20-25 MGY (0.002-0.003 m3/s) in Tables 4-11
and 4-12 of the RL
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wedge incursion and tidal stage variation, the salt wedge toe can extend up to 16 km
(RM 10) near Tukwila (Warner and Fritz 1995). Tidal effects and volume of river flow
control movement of the salt wedge. At flow rates greater than 28 m3/s, the wedge
remains downstream of 12 km (RM 7.5) regardless of tidal stage. When flow rates are
below 28 m3/s, the lower 5.5 km of the estuary grades into a partially mixed estuary
type (King County 1995). Dye studies indicate that downward vertical mixing over the
length of the salt-wedge is almost nonexistent (Schock et al. 1998). Freshwater inflow
and the occurrence of either ebb or flood tides within Elliott Bay heavily influence
currents. Tides influence the entire length of the LDW. Upstream tidal flow reversal
has been observed in the Green River 21 km (13 mi) upstream of the mouth.
Additional information on temperature and salinity is presented in Sections 2.2.3 and
2.2.4 of the RI.

A.21.5 Sediment dynamics and load

Bottom sediment composition is variable throughout the LDW, ranging from sands to
mud, depending on the sediment source and current speed. The sediment typically
consists of slightly sandy silt with varying amounts of organic detritus. Previous data
suggest coarser sediments are present in nearshore areas adjacent to CSO and storm
drain discharges (Weston 1999). Finer-grain sediments are typically located in remnant
mudflats, along channel sideslopes, and within portions of the navigation channel.
Main channel sediments near the head of navigation are predominantly sands,
whereas sediments toward the mouth are predominately fine-grained silts.

Roughly 99% of the total sediment load entering the LDW originates within the
upstream Green River watershed (Harper-Owes 1983). Sediment loads measured at
Renton Junction (19.3 km upstream; RM 12) have been shown to vary with
streamflow; higher flows carry significantly greater amounts of material (Harper-
Owes 1983). Measurements indicate bedload has at least historically been proportional
to streamflow; bedload ranges from 20-40% of the suspended load (Stevens Thompson
& Runyan 1972). Nearly 90% of the incoming sediment load to the LDW deposits
within the dredged waterway reaches (Harper-Owes 1983). Significant export of
sediment out of the LDW to the West Waterway and Elliott Bay only occurs during
periods of high river discharge (greater than 200 m3/s; 7,000 cfs) (Harper-Owes 1983;
Curl et. al. 1987). Hydrodynamics within the LDW, specifically the location of the salt
wedge, control the location of bedload deposition and shoaling within the waterway
(Schultz and Tiffarny 1965). When fresh river water encounters the upstream end of
the LDW salt wedge, the fresh water no longer applies a shear stress to the riverbed,
but instead applies a stress to the top of the salt wedge. As the salt wedge is normally
maintained in the vicinity of Turning Basin 3, bedload typically deposits within this
area. Turning Basin 3 is specifically designed and managed to provide a settling basin
for the bulk of the bedload sediment coming downstream from the undredged
portions of the Duwamish River. The ACOE routinely dredges the area in the vicinity
of Turning Basin 3 about every two years. Dredging records of the ACOE indicate the

Lower Duwamish W aterway (Group FNAL AR 2003

Port of Seattie | City of Seattie | King County | The Boeing Company Page 7




total sediment volume transported into the LDW averages approximately
115,000 m3/ year (Grette and Salo 1986). Additional information regarding sediment
transport is presented in Section 4.4 of the RI.

A.2.2 RESOURCES POTENTIALLY AT RISK

This section provides an overview of the ecological resources that utilize the LDW,
including threatened, endangered, and sensitive species. These resources are
considered in four groups, which include important species that could be directly or
indirectly exposed to contaminated sediments: benthic invertebrates, fish, wildlife,
and plants. Representative species from these groups are selected as ROCs, as
discussed in Section A.2.3, and further evaluated to determine whether they may be at
risk from contaminated sediments. Reptiles and amphibians are not likely to be
exposed to sediment contamination in the LDW because habitat for these species is
limited and their presence has not been reported in any wildlife surveys conducted in
the areal? (Canning et al. 1979; Cordell et al. 1996, 1997, 1999). Therefore, they will not
be evaluated further in this ERA.

A.2.21 State and federal threatened, endangered, and sensitive species in the LDW

Fourteen species reported in the LDW are listed under either the federal Endangered
Species Act (ESA) or by the Washington State Department of Fish and Wildlife as
candidate species, threatened species, endangered species, or species of concern
(Table A-2-1).

Eight of these fourteen species are fish and six are birds. With the exception of chinook
salmon, coho salmon, bull trout, bald eagle, western grebe, and perhaps Pacific
herring, use of the LDW by these species is rare or incidental, so they are not likely to
have frequent exposure to sediment-associated chemicals from the LDW. Reports of
these rare or incidental species in the LDW are from the following documents: loons
(Canning et al. 1979, rare), merlin (Cordell et al. 1997, rare), common murre (believed
to be rare), rockfish (Matsuda et al. 1968, rare; Malins et al. 1980, present), river
lamprey (Warner and Fritz 1995, rare; Matsuda et al. 1968, rare), walleye pollock
(Matsuda et al. 1968, rare; Miller et al. 1975, rare), and Pacific cod (Miller et al. 1975,
1977a; Weitcamp and Campbell 1980). Reports of peregrine falcon are anecdotal
(Anderson 2002). These species share life history traits with other more common
species in the LDW such that analysis of exposure and effects due to sediment-
associated chemicals for the more common species should be protective of these
species of concern. NMFS ruled on November 22, 2000 that listing of Pacific cod and
walleye pollock under the ESA is not warranted (65FR227, Friday, November 24,
2000). NMFS ruled on April 3, 2001 that listing of Pacific herring, brown rockfish,
copper rockfish, and quillback rockfish under the ESA is not warranted (66FR64,
Docket No. 010312061-1061-01; 1.D. 061199B]). Use of the LDW by chinook salmon,

10 Note that a large tadpole was observed once in Slip 4.
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coho salmon, bull trout, and herring is described in Section A.2.2.3. Use of the LDW by

bald eagles and grebe is described in Section A.2.2.4.

Table A-2-1.

Species listed under ESA or by Washington State Department of
Fish and Wildlife

: SCIENTIFIC NAME”
Chlnook salmon Oncorhynchus tshawytscha FT, SC
Coho salmon Oncorhynchus kisutch FC
River lamprey Lampetra ayresi FSC, SC
Bull trout Salvelinus confluentes FT, SC
Pacific herring Clupea herengus pallasi SC
Pacific cod Gadus macrocephalus SC
Walleye poltock Theragra chalcogrammus SC
Rockfish species Sebastes spp. SC
Bald eagle Haliaeetus leucocephalus FT? ST
Peregrine falcon Falco peregrinus FSc, SS°
Merlin Falco columbarius SC
Common murre Uria aalge SC
Common loon Gavia Immer SS
Western grebe Aechmophorus occidentalis SC

Source - WDFW 2003

FT - Federal threatened species

FC ~ Federal candidate species

FSC - Federal species of concern

ST - State threatened species

SC - State candidate species

SS - State sensitive species |

2 Listing currently under review for removal

® Downlisted from state endangered to state sensitive April, 2002

A.2.2.2 Benthic invertebrates

Benthic invertebrate species are important components of the LDW ecosystem because
they serve as a major food resource for commercially and recreationally important fish
and wildlife, and because they are active in critical nutrient cycling. Benthic
invertebrates in the LDW include 187 taxa, representing 46 families in 10 phyla

(Table A-2-2). Typical of most estuaries, the invertebrate community is dominated by
annelids, mollusks, and arthropods. Annelids are the most diverse of these three
groups in the LDW, comprising 75 taxa of polychaete worms. The mollusks are
represented by various bivalves and to a lesser extent by gastropods. Amphipods are
the most diverse group of arthropods documented.

Lower Duwamish Waterway Group ENAL AR 503
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Table A-2-2. Species list of benthic invertebrates in the LDW

FAMILY
GENUS AND
SPECIES

PHYLUM
CLass
| ORDER

PHYLUM
CLass

ORDER

FAMILY
GENUS AND
SPECIES

Bryozoa

Capitellidae

Cnidaria -~

Capitella capitata

Hydrozoa

Heteromastus filiformis

!Hydroida

Heteromastus filobranchus

\Anthozoa (sea anemones)

Heteromastus sp.

Actiniaria

Mediomastus sp

Edwardsiidae

Nodomastus sp.

Edwardsia sp.

Cirratulidae

Edwardsia californica

\Aphelochaeta sp.

Edwardsia callimorpha

Aphelochaeta monilans

Edwardsia leidya

Chaetozone setosa

Chaetozone sp.

Edwardsia sipunculoid.
Platyhelminthes - . :

Cirratulus sp.

Turbellaria (flatworms)

Tharyx multifilis

Polycladida

Cossuridae

Stylochidae

Cossura sp.

!Kaburakia excelsa

Cossura pygodactylata

Nemertea (proboscis worms)

Dorvilleidae

‘Anopla

Eunicidae

Heteronemertea

Glyceridae

Lineidae

Glycera americana

Cerebratulus californiensis

Glycera nana

Cerebratulus sp.

Glycera capitata

Palaeonemertea

Goniadidae

Tubulanidae

Glycinde picta

§Tubulanus sp.

Enopla

%Hoplonemertea

Nematoda

Annelida (segmented worms)

Archianellida

Oligochaeta

Megascolecidae

[Enchytraeus sp.

Naididae

{Paranais sp.

Polychaeta

Ampharetidae

‘Ampharete lobrops

Amphicteis sp.

\Amphicleis scaphobranchiata

Asabellides lineata .

Pseudoamphicteis sp.

Hobsonia florida

Arabellidae

Arenicolidae

lAbarenicola pacifica

Glycinde polygnatha

Goniada sp.

(Goniada maculate

Hesionidae

fPodarkeopsis glabra

Lumbrineridae

[ umbrinens luti

Scoletoma luti

Maldanidae

Euclymene zonalis

Fuclymeninae sp.

Nephtyidae

Nephtys sp.

Nephtys cornuta

Nephtys ferruginea

Nereidae

Neanthes sp.

Nereis sp.

Platyneris bicanaliculata

Onuphidae

%Onuphis indescens

Opheliidae
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Ammotrypane sp. Artacama conifen
IAmmotrypane aulogaster [ anassa venusta venustai
rmandia brevis Polycirrus sp.
Ophelina acuminata Mollusca o o
Orbiniidae Bivalvia
Levinsenia gracilis Myoida
Scoloplos sp. Hiatellidae
Paraonidae IHiatella arctica
lAricidea lopezi Myidae
Pectinariidae Cryptomya califorica
iPectinan'a californiensis Mya arenaria
Phyllodocidae Mytiloida
Anaitides sp. Mytilidae
Eteone longa Megacrenella columbiana
Eteone sp. Mytilus edulis
Phyllodoce sp. Nuculoidea
Pilargiidae Nuculidae
?Pilargus maculata fNucula tenuis
Polynoidae Nuculanidae
Tenonia priops iNucuIana minuta
Sabellidae Ostreoida
Sabella sp. Anomiidae
Manayunkia aestuarina [Pododesmus cepio
Fabricia pacifica Pholadomyoida
Fabricia sp. Lyonsiidae
Sigalionidae ,[Lyonsia californica
Pholoe sp. Pandoridae
Pholoe minuta " |Pandora filosa
Sphaerodoridae Pandora sp.
ISphaerodoropsis sphaerulifer Thraciidae
Spionidae Thracia trapezoides
Dipolydora caulleryi Veneroida
Laonice sp. Cardiidae
Polydora uncata Clinocardium sp.
Polydora comuta Clinocardium nuttali
Polydora cardilia Kelliidae
Polydora quadrilobata Odontogena borealis
Polydora sp. Lucinidae
Prionospio sp. L ucinoma acutlineata
Prionospio jubata Parvilucina tenuisculpta
Paraprionospio pinnata Montacutidae
Pseudopolydora kempi japonica . Mysella tumida
Pseudopolydora paucibranchiata Mysella sp.
Pygospio elegans Solenidae
Pygospio sp. Solen sicanius
Syllidae Tellinidae
%Exogone lourei Macoma balthica
Terebellidae Macoma carlottensis
gAmphitrite cirrata Macoma elimata
= LDW RI Appendix A: ERA
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Macoma expansa Crustacea
Macoma incongrua Amphipoda
Macoma nasuta Tritella pilimana
Macoma yoldiformis Incisocalliope sp.
Macoma sp. Eochelidium miraculum
Tellina sp. Chromopleustes oculatus
'Thyasirdae Aoridae
2Axinopsida sermicata {Aoroides sp.
Veneridae Ampithoidae
Psephidia lordii lAmpithoe sp.
Saxidomus giganteus Anisogammaridae
Transennella tantilla Eogammarus confervicolus
Gastropoda (snails) \Anisogammarus confervicolus
Mesogastropoda Anisogammarus sp.
Epitoniidae Caprellidae
{Epitonium sp. Corophiidae
Melanellidae Corophium acherrusicum
iMelanella sp. Corophium salmonis
Rissoidae Corophium spinicorne
Ivania compacta Corophium insidiosum
Barieeia sp. Corophium sp.
Turritellidae Eusiridae
Tachyrhynchus sp. Paramoera sp.
Neogastropoda Ischyroceridae
Nassinae Protomedeia sp.
}Nassan’us sp. Melitidae
Columbellidae Melita desdichada
‘Alia carinata Oedicerotidae
Mitrella gouldii Americhelidium shoemakeri
Nitidella gouldi Monoculoides sp.
Opisthobranchia (subclass) Westwoodilla caecula
Pyramidellidae Podoceridae
]Odostomia Sp. nyopedos Sp.
Nudibranchia Cladocera
‘Aeolidacea Podonidae
Cephalaspidea IPodon leuckarti
Gastropteridae Euphausiacea
lGaslropteron pacificum IEuphausid
Doridiidae . Isopoda
lMeIanochIamys diomedea Paramunnidae
Pteropoda Munnogonium sp.
Aplacaphora Munnogonium tillerae
Chaetodermatidae Pleurogoniidae
iChae!oderma sp. [P/eurogonium rubricundum
Arthropoda ) Sphaeromatidae
Arachnida {Gnon’mosphaeroma oregonesis
Acari Epicaridea
Halacaridae Cumacea
Diastylidae
H LDW RI Appendix A: ERA
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Diastylis santamanensis Diosaccidae
Lampropidae \Amphiascopsis cinctus
§Lamprops quadriplicata Amphiascopsis sp.
Nannastacidae \Amphiascoides sp.
§Cumella vulgaris Amonardia perturbata
Leuconidae \Amonardia normani
Eudorella pacifica Djosaccus sp.
Nippoleucon hinumensis Diosaccus spinatus

Tanaidacea Bulbamphiascus sp.

L eptochelia sp. Robertsonia sp.
Leptochelia savignyi Typhlamphiascus pectinifer
Sinelobus stanfordi Typhlamphiascus sp.
Tanais sp. Stenhelia asetosa

Mysidacea Stenhelia peniculata
Mysidae Stenhelia sp.

Neomysis mercedis Schizopera knabi
\Alienacanthomysis macropsis Schizopera sp.

Decapoda Ectinosomatidae

Cancridae Pseudobradya sp.
Cancer oregonensis Harpacticidae

Crangonidae Harpacticus uniremis
Crangon sp. Harpacticus sp.
Crangon alaskensis Harpacticus compressus

Hippolytidae Harpacticus obscurus
;iEualus pusiolus \Harpacticus spinulosus

Pinnotheridae Harpacticus arcticus
{Pinnixa schmitti Zaus sp.

Thoracica Huntemanniidea
Balanomorpha (suborder) Nannopus palustris
Balanidae Huntemannia jadensis

!Balanus crenatus | aophontidae
Copepoda (subclass) Heterolaophonte discophora

Harpacticoida Heterolaophonte longisetigera
Ancorabolidae Heterolaophonte hamondi
Ameiridae L aophonte sp.

meira sp. [ aophonte comuta
Nitocra sp. Laophonte elongata
Canthocamptidae Echinolaophontes sp.
L eimia vaga Onychocamptus mohammed
Cletocamptus sp. Paralaophonte sp.
Mesochra sp. Paralaophonte pacifica
Mesochra rapines Paralaophonte perplexa
Canuellidae \Pseudonychocamptus sp.
iCou/lana canadensis Longipediidae
Cletodidae [Longipedia sp.
Wcrenhydrosoma sp. Normanellidae
Enhydrosoma sp. Womanel/a Sp.

Cylindropsyllidae

Orthopsyllidae

Darcythompsoniidae
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PHYLUM
CLASS

ORDER

FAMILY
GENUS AND
SPECIES

Paramesochridae

prodopsyllus sp.

Parastenheliidae

Parastenhelia hornelli

Parastenhelia spinosa

Peltidiidae

Tachidiidae

Microarthridion littorale

Tachidius disciples

Tachidius triangularis

iTegastidae

Thalestridae

Dactylopodia crassipes

Dactylopodia vulgaris

Dactylopodia tishoides

Dactylopodia paratishoides

Dactylopodia glacialis

Diarthrodes sp.

Idomene sp.

Paradactylopodia sp.

Parathalestris sp.

Rhynchothalestris helgolandica

Tisbidae

Scutellidium sp.

Tisbe sp.

Cyclopoida

Cyclopoidae

;Halicyclops sp.

Oithonidae

Oithona similis

Oithona longirastris

Calanoida

Temoridae

Eurytemora sp.

Eurytemora americana

Centropagidae

T P
iCentropages abdominalis

Pseudodiaptomidae

gPseudodiaptomus marinus

Stephidae

fStephos sp.

Calanidae

%Calanus sp.

Paracalanidae

§Paracalanidae sp.

Clausocalanidae

Microcalanus sp.

Pseudocalanus sp.

Acartiidae

o
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Acartia sp.
Acartia longiremis

Poecilostomatoida

Corycaeidae

{Corycaeus anglicus

Clausidiidae

[Hemicyc/ops sp.

Ergasilidae

Oncaeidae

{Oncaea sp.

Ostracoda

Myodocopida

Cylindroleberididae

Philomedidae

IEuphiIomedes carcharodonta

Podocopida

Insecta (larvae)

Ceratopogonidae

Coleoptera

Diptera (pupa)

Dolichopodidae (larvae)

Chironomidae (larvae)

Empididae

Collembola

Trichoptera

Thysanoptera

Echinodermata

Stelleroidea

Qphiurida

Amphiuridae

Amphiodia sp.

\IAmphiodia digitata

Holothuroidea

Dendrochirotida

Cucumariidae

Cephalorhyncha

[Pentamera sp.

Priapulida

Priapuloidae

‘Priapulus caudatus

Rhizopoda -

Rhizopodea

Foraminiferida

Rotifera

Sources: Bingham (1978); Leon (1980);
Williams (1990); Cordell et al. (1996, 1997);
Taylor et al. (1999); Striplin (1998)
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Average abundances of various invertebrate groups were reported in King County
(1990), Leon (1980), and Williams (1991). The average abundance of many of the larger
invertebrate species captured in Puget Sound Ambient Monitoring Program (PSAMP)
otter trawls is presented in Table A-2-3.

Table A-2-3.  Average abundance per trawl of invertébrate species collected in
PSAMP otter trawls from LDW stations®

Graceful crab

Crangonid shrimp unidentified

Gigantic anemone 6.2
False ochre star 3.8
Dungeness crab 25
Coonstriped shrimp 23
Pink short spined seastar 1.8
Dock shrimp 0.8
California arminid 0.7
Basket cockle 05
Leather star 0.3
Porcelain crab 0.3
Sunflower star 0.3
Oregon cancer crab 0.2
Chiton (unidentified) 0.2
Rose sea star ' 0.2
Scarlet anemone 0.2

Source: West 2001

2 Atotal of six otter trawls were conducted on 5/18/1992, 5/29/1992, 5/4/1995, 4/14/1997 (3 trawls) at depths of
5.5 to 11 m near Kellogg Island.

Dungeness and several other crab species are found in the LDW; their distribution is
generally limited to the lower part of the estuary where salinity is greater. During
fieldwork conducted by Environmental Solutions Group (ESG 1999), adult Dungeness
and red rock crabs were collected at multiple locations near Kellogg Island, but could

not be caught upstream of this point. Juvenile Dungeness crabs were found up to the
1st Avenue South Bridge.

Estuarine use by Dungeness crabs is dependent on their life stage, as described below
based on information presented in Pauley et al. (1986). Dungeness crabs usually mate
in offshore locations, but occasionally mate in estuaries. Spawning takes place
offshore. Eggs mature in about 2-3 months, and hatch in January through April in
Washington. Larvae appear to be transported seaward from the onset of hatching with
a distribution dependent on depth, latitude, temperature, salinity, and currents.
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Larvae progress through five zoeal states before molting into megalopae. Megalopae
first appear in April in Washington waters, with abundance peaking in May through
June, after which they mol